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(54) Portable radio device antenna apparatus 

(57) A portable radio device antenna apparatus has a 
retractable antenna element (20) mounted on the casing 
(10) of a radio device. The antenna element includes a 
straight element (21) having an electrical length of A/2 and 
a helical coil (22) having an electrical length of A/4 and 
attached to the upper end of the straight element. The 
casing contains an impedarice rrtatching circuit (11) having 
a pair of terminals (A, B) and serving to perform 
impedance matching of the straight element. When the 
straight element is pulled out from the casing, a feeding 
metal piece (14) connectedLto a radio circuit (15) and en * 
inner connection metal piece (13) -connected to one 
terminal (B) of the impedance matching circuit are 
simultaneously connected to a metal fixture (26) of the 
antenna element, and an outer connection metal piece (12) 
connected to the other terminal (A) of the impedance 
matching circuit is brought into contact with the straight 
element (21). When the straight element is retracted (Fig 
IB, not shown), the feeding metal piece (14) is brought 
into contact with a metal fixture (27) connected to the 
helical coil, and the inner and outer connection metal 
pieces (13, 12) are respectively brought into contact with 
an insulator (23) between the straight element and the 
helical coil and a protective cover (28) which covers the 
helical coil, such that the radio circuit (15) is connected to 
the coil only. 
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F I G. : 2 A' 
PRIOR ART 



F I G. 2 B 
PRIOR ART 



PORTABLE RADIO DEVICE ANTENNA APPARATUS 



The-present invention-relates to an antenna 

apparatus having a retractable antenna. 

A portable radio device antenna which exhibits a 
sufficiently high gain when retracted and undergoes only 
a small decrease in gain due to the body of a user when 
pulled out, will be descripecL 'below, by" way" of exam ple in 
illustration of the invention. T ,' ! 

\ ; ! 

As a portable radio device.; antenna, an antenna 
constituted by a -straight eleme|it- -having an ejLectrical 
length ; of X/2 \ (X: wa^ele/igth of > radio i wave) and a helical 
coil having an e^lectricail length of X/4 has been 
proposed, j The.; heiical coil is attached to the distal end 

: "' • | ; i | r" 

of the straight element to be electrically insulated. In 

a portable radio device antennai hatvirig such al structure, 

' .v • i i ! ! \ . i : 

since the .and \X/4 elements dif;fer : in their input 
. . ' '. ; . j . - » i. j ■ . 

impedances, two types of! impedance] matching circuits are 

' irV. i I ! ; ; i 

required. : j ' 1 j j 

i ■ •--! • - I- • ! : ~ "■ ! 

Reference will now be madei to Figs. 2A, 2B and 3 of 
. w J l | \ I : ' 

the accompanying drawings in which:- ! 

,i / " 7* , • ,C * ! 

Fxg. 2A is a schematic vieW showing an antenna 

I • : */ C ! 

element of a previously proposed portable radio device 
antenna apparatus pulled out, 



Fi 9- 2B is a schematic view showing the antenna 
element ret\racted, and 

FigT 3 is a block schematic diagram showing an 
impedance matching cirfcuit used in the previously 
proposed portable radio device antenna apparatus shown in 
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Figs. 2A and 2B. ( , . . rf f 

As shown in Figs. 2A, 2B, and 3, o,f the accompanying 
drawings a previously proposed antenna apparatus has a 
.mechanical t*/p-way switch to switch impedance matching 
cir ^ u / A t j? 5 d ^PPndihg on whether the antenna is pulled out 
or .F et ^ a c£ed s ^ n W.fth t^iis structure, two types t of 
impedance matching, Qirpult n are switched. That is, as 
shown in Figs. . 2A and 2B. A ft { retractable ^antenna element 

40 iS n F e ^ ac ^ d p in * S* ?ing 30 ■?£ a,.,radio device, and an 
impedance., matching, qirpyit,. 31 is , arranged in the -casing ' 
30. , , . 

x K % ?^T? W5 r - ^ V Fi .<?; 3 ' ,tj>is ;? impedance, ina^tGhingi -circuit 
31 includes a first matching circuit 32 whiqh operates 
when the antenna is retracted, a , second matching circuit 
15 33 which operates { .wh.en f .the,,anteni)a is .pulley out, \ and a .; 
• sw ^£?k 34 h *y.4- n W two-way movable ^contacts 34 t a.< and 34b for 
switching., the ^ first and, second.. matching circuits 32 -and 
33. A conductive . conn^ctipn.-ipetal/.R^epe 35,; ds ! connected 
to £ n E*&*?c ,1 J> a ** ! < ? f •,^ hj ? : flange., latching* /B^rcuit 31, and 
20 •?h^; d ^a-. c .H c "^-n^ 7 (^ s fi co 0PP <?t t^^ tp the other terminal of * 
, th ® c * mp ® dance j ma1 rS n <j n 9 circuit y 31 t< .^he-switch 34i has an 
actuator ? 36 which operates t when ; .an. .ar^enna ; e.lement 40 is 
retracted in. the. ? casing .30 . ; , , >.>;,-; 

.T hean tenna element 40. is.; constituted >by -a straight 
25 element 41 and a helical coil 42 which are ppupled* to 
each other through : an^ insulator .43 . A. .conductive 
connect ion met a; f ixture ; 44 : is .attached, .to tt\e lower -end 
° f . the st r aight .element 4 1. ; , , a . conductt i ye , connect ion j 
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metal fixture 45 is attached to the lower end of the 
-'»; • ''•helical cdil ? 42. A 'protect ive cover 4*6 covers the 

helical r coil 42. ;r " ' ; ; 7 * ' 

x ' As ; shownr- in. Fig. 2A, in this portable radio device 
5 antenna, when the antenna elemerit 4 0° is pulled out from * 
the casing 30, the actuator 3 6 of the' switch 3 4 : is set in 
a non-contact st at e ' and the 1 ybvfcbie ! contacts" 34a" and 34b 
•"' are connected to the second ^atc-n'i^ng^ ei'rc'uit '33 .' T ' When 
,sr - tne ant'e-hna element 40 is retracted" in' t*ie' casing* 30, the 
10 straight 'element 4 1 ; operates 2 : thV ^act^ator ' of the " ". 0f 
switch 34 to switch the switch 34 so as to connect the 
movable contact's 34a" !and< : 34b to tlW f irsV matching t 
•circuit .32'. : " ; ' ' ' ' ' . •»:; ■ ' - ; i r *> ■> nou i-y.t\ £ 

■-■ However'/ since* the kBove' pf evi ousiy*proposed'' : * " 
15 ■ pr^rtable radioWdevifc^-aritenria u'se's the "me chanlcii switch ' 
- havings the< two mdvable 1 1 cbhtacts, 'the basing 30 needs to 

."•fcave a. l%xge-v616Me:^A h re-<lijct5bn in ' size ,{ of^€ne : portable 
J '-' ; radios device earinSt tHeref ore " be r; attained J : loc A 
■v • Altboug&'the -■pfesdflt-a^iic^nt l has' 3 ^rSpSied r! a " ' 
20> portable radio device 1 a'htehh'a^in Japanese 'patentHaid- 
■ Opem-No; •■ 6^2326*!*, tnis- 1 prSp6sed a p'ortibli D rad£o Hf -dev^ce 
•antenna - has -nd - impedanfie' WtSHing 'circuolt . f Other' 
techniques associated with a'ntennas ^SvS been disclosed 
in Japanese -Patent Laid-open Nos ."'4-196907^ 54-52450, 2- 
25 19004, and 64-90604 :" ' • - 5 1 " " J f;<f1 7 • 1 ' '" - r = : "- ; 1 

: Features of- a portable 1 radio deVic^ antenna 3 
^ i. ^apparatus' to be described below ^'examples' in ■-'•- i,s, '-" vv 
illustration of the ''invention' are* i; 'that it' 'serves ''a's 'a 
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straight element having an electrical length of X2/> 
exhibits a sufficiently high gain, as- a helical coil <: 
having an electrical length of X/A, and r enables' a 
portable radio device antenna apparatus of; a; reduced size 
5 to be provided. . r ; 

In a particular embodiment to be (described below, by 
way of example in illustration of the-present invention, 
a portable radio device, antenna, apparatus includes a 
casing of a radio device, an.£ a retractable laritenna ' ; 
element mounted on the , casing, the, antenna element having 
a rod-like, conductive, ,. straight , element ; with an> 
electrical length of X/g, r a helical coil with an 
electrical length of X/A ; and . attached -tot an r outer end of 
the straight element, an .^insulator, • for insulating £he' 
Str ^ ight ^ lemei ?£ from the heli^l coily! a ) short-circuit 
metal fixture mounted on an inr^er end of: the ^straiaht 
element and insulated therefrom, a first contact metal" 
fixture mounted on an. inner, end of .the helical coll and 
electrically connected. ; to the helical-, coil:,- and ah 
insulating protective cover covering the ihelical' coil, the 
casing including an, impedance, matching circuit having a 
pair of terminals ; and ^ serving ; tor provide " impedance' 1,1 
matching of the straight element outer arid f inner 1 
connection metal pieces . cpnnected .respectively -to a pair 
25 of terminals of t,he impedan.ce matching circuit; and l a 
feeding metal piece cpnnected , ( tp a radio circuit 'for^ 
transmitting/receiving V ja radio signal, wherein when the 
straight element i? pulled out from the casing ' the 



5 

feeding metal' piece : and the inner connection metal piece 
are simultaneously^ connected to the short-circuit metal 
fixture, and the' outer connection metal piece is brought 
irito ..contact with the straight element / and when the 
5 straight element is retracted in the casing, the feeding 
metal piece is -brought rnto 1 contact: with' the first 
contact metal fixture,' and ^hW^nner and outer connection 
metal pieces ate respectively brougnt into" contact with 
the insulator 'and- -the - protective 'cover'. '"'*' * 
10 ; . >A n arrangement, 'illustrative^ of the"' indention/ will 
now be described^' by-way: of example^ with 'reference to 
the accompanyingc drawings', 1 in 4 which':- ~ ' ,: " L ' ' ! ; 

• Fi 9- 1A is aoschematie"view showing 'an antenna 
element of a : P 6rtableo r adi6 device arttenna apparatus ' 
15 pulled out... of the apparatus', aW ^/ iTis a" schematic 

vi^w showing. the- antenna 'element retracted into the '" ^ 

apparatus .-i.-,.- .> .iscrj -;--<t; ! : - T ' • "- * ! ' '• w 

■ ReferriWg to .*±g\c IX, ■* reference numeral Tb denotes 
the casing, of a portable 1 radio"' device' on' which* a" '" ' ' ' 
20 «.. r «K*cUM« antenna, element -20'- Ts itfount'edV''' Tnis" antenna 
element 2p: : include«: a ^ rod-llfce^ conductiveT' straight 
element 21 paving : an ? elect ri c a 1° length" of M i>2 "and 'a ' 
helical w cpil^22 mounted on "the* outer 'end' of the straight 
element ,21 f incorporating a conductive' material, and 
having, an -electric*! 'length' *t'Wcl 'fne Vtraight element 
21 is :el,ec J t-ri : oally.-disconhect"ec? : from ! the'' helical coil 22 
as. a result, of, the presence -6£ an 'insWiato'r 23. "* ' ' 

A. contact, nnetal fixture' i¥ is 1 ' "attached to' the inner 
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portion of the straight elemen^ 21 and in contact 
therewith. The contact metal fixture 24 is electrically 
connected to the straight element 21. A„ f shp.rt-circuit 
metal fixture 26 is mounted on the inner end of the 
5 contact metal fixture 24 by means of an insulator 25,. 

A contact metal fixture 27 is. .attached , tp the. inner 
end of the helical coil 22 and in contact therewith. The 
contact metal fixture 27 is electrically, connected to the 
helical coil 22. The, contact metal fixture 27, is mounted 

10 on the outer end of th ( e insulator 23 interposed between . . , 
the straight element 21, and the helical, .coil 22. The 
straight, element 21 and the ..contact^metal fixture 27 are 
electrically insulated from each other , by the insulator 
23. Reference numeral 28 denotes a cap-like protective 

15 coyer made of a synthetic resin and covering the helicaT 
coil 22 . 

Reference^ numeral 11, denote^ an ( inip t edance .matching 
circuit arranged in, the,casing 1Q. . Conn^ectipn metal, 
pieces 12 and X3, each .made, of a conductive metal in the 

20 form of, a leaf spring,, are ; conne v cted respectively , to 

terminals A and B of the impedance fmatching circuit 11. 
The connection pietal .pieces 12. and ; 13 are arranged side 
by side in the axial, - diirection of ^he, antenna element 20. 
The, connection metal piece 12. on ^the .outer side is 

25 brought into contact with. f t he .antenna element 20. a 

Reference numeral 1.4 denotes a feeding metal piece made 
of a conductive metal in^ the form of a leaf spring and 
electrically conne-ct,ed :o to a. .radio qircuit 1-5,. - "Hhe - 
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feeding 'metal piece 14 'is Vlaced at a middle position 
- between -the" connection metal pieces 12 and 13,' to be in 
contact with the antenna element 20. • ■ - , 

The 1 - impedance matching circuit 11, the 'connection 
5 metal piece's 12 and 13, and the Veering metal piece" 14 ? 
are fixed inside 'the casing 10. The" inner or lower 
portion of tne protective ddveV °2 J 8 / Vhe "contact 5 metal 
fixture 27, the insulator 23,' the contact metal 'fixture 
1 24, the '^insulator 25, 1 and ' thW ' sh^rt-cir^uit metal 1 fixture 
10 - 26 have coluWar ' shaped with the' s^me^iameter," which is^ ' 
larger thari^he*- diameter of/tKe* stra'igit eieient" 2l! J 

■ J The situation whe'h\ he antenna element - 20 is' pulled 
out' from tne casing' ft ifrfi descr^b^d WxV with" 1 5 ™ 
' reference" to ttg\ n lA? 'Wnlle* th^ Vntenna° element 20 is 
pulled <*>ut fro* thW'caWfng* luV^he^ed&g 'ffetal piece 14 
is connected to the radio circuit 15 is in contact with 
the-short^FfbuitWta^ f ixture 1 26 L '\t the : S a^4 time, * 
the cbnnte'ctibh metal 'piece 1~3 c is 7 bVouW^ntb contact 
with the' smrY^rc\,ft nietal* ! f ikture ^6 . bs W short-' 
circuit metatf t ixtiaxV S^s^bnneVtetf tV tW impedance ' 
matching dtttof Hihro'ugli tW "cWeciiW met^p&ce 13 
and the- tVrmin^al •B.t-Tne' fiStotfhaf iDatchin'g 'cl'Pcuil 11 is 
c o^ected tV the^'cbn^act 'metal 1 ' f ixVure 2*4' o'V the 1 straight 
element ' '2-1 through the' tVrmYnai* A^Wdt tHe' coh'riection 
25 metal 'pieee 12, 'As' a ! 'resulti, power 6 is sullied' 1 from W 
- radio> circuit 15' 1: 6- the straig'Kt 'element' 'Si ' through : the 
short-circuit metal -fixture' 2&, the ' Im^pedan^' Watching 
circuit -llv and the -contact metal 7 f ix'ture 2 l 4V' : ' "' ' 1 J 
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At this time, the helical coil 22 is electrically 

t / ' r-. ~* ■ ' 

insulated from the straight element 21 by : thet insulator 
23 so only the straight element 21 operates as, anf.,% 
antenna- Therefore, the antenna, element. ;20 joperates as 
5 whip antenna consisting of the straight element having an 
electrical length of X/2, but it is not influenced by the 
helical coil 22. 4 , r 




connected to the radio circuit 15 is connected, to the 



contact metal fixture 27 connected to the. helical coil 
22. Since the connection metal pieGje 12. is brought , into 
15 contact with the outer surface of the protective cover *■ 
28, the terminal A of the; impedance .rnatohing circuit* 11 



is electrically insulated from the .helical coil 22,. 




contact with the insulator. 23, t*i£ .terminal B of, : the 



20 impedance matching circuit 11 is electrically insulated 
from both the helical coil 22 and the straight element 
21. At this time, since the straight element 21 and the 
helical coil 22 are electrically insulated from each 
other by the insulator 23, only the helical coil 22 

25 operates as an antenna. 

In this situation, power is supplied from the radio 
circuit 15, to the helical coil 22 through .the feeding 
metal piece 14 and the contact metal fixture 27. Note 
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that since the helical coil 22 has an impedance of about 
-50 12/ nd impedance 1 matching circuit is required. In 
addition, -since the contact metal fixtures 24 and 27 and 
the shoft-circuit metal fixture 26 have* the same " 
diameter, -no contact" failure occurs with respect to the 
connection metal pieces 12 and i3 and the feeding metal 
piece 14 . . - - . 

With t;he portable radio ' device" * antenna described 
above, switching/power feeding 1 of /for the 1 straight 
element having an 'electrical length of X/2 and the 
helical coil' ^'having an electrical length 'of Jl/4 can be 
performed With a simple structure without using any V- 
- mechanical"' switch, thereby 0 real i z ing"'' a ' reduction" in size 
Of a portable' radio devide . " a "" 
15 Jt will -be understood that/' although' a particular 

1 embodiment 1 ,' ' illustrative of the invention has been ^ 
described by way df example, ''variation^ and modifications 
thereof /as well' as ottie'r embodiments ' may" be made 'within 
the 1 - scope o£«tfle^apFtended : 'cX*iU l'* r ' ' ri - 1iw :Uu ' " 

j t ; «*. v i ' ; L « f; ir, : ^ . • o i 6 r : t / ; I .-.-n ; /;■>'.* I 
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CLAIMS , ri i ... , , - ... 

1. A portable radio device antenna apparatus , 
including a casing for the radio^device and a- retractable 
antenna element mounted on the casing, the antenna 
element having a rod-like, conductive, straight element 
with an electrical length of X/2 (X: wavelength of radio 
wave), a helical coil having an electrical length of X/4 
and being attached to the outer end of the straight - 
element, an insulator for insulating the straight element' 
from the helical coil, a short-circuit metal fixture 
mounted on the inner engi of the straight element and 
insulated therefrom, a first contact metal fixture 
mounted on the inner end of the helical coil andr-. 
electrically connected to the helical coil, and an 
insulating protective cover covering the t helical coil* 
and the casing having an impedance matching. -circuit .with 
a pair of terminals and serving to match the impedance of 
the straight element, outer and pinner connection metal 
20 pieces connected respectively t to the pair -of [.terminal's of> 
the impedance matching circuit,, and. a, f t eeding t metal piece 

; . . j J ' t . 

connected to a radio circuit f qr. r ^r.aflsraitjt±ng/ receiving a 
radio signal, wherein when the straight element is pulled 
out from the casing, the. feeding, metal- piece and* the 
25 inner connection petal piece a fe simultaneously ^ connected 
to the short-circuit metal fixture,, and the, out^r • f 
connection metal piece is brought into contact with the 
straight element, and, when the straight element is 
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retracted into the casing, the feeding metal piece is 
brought into contact with the first contact metal 
fixture/ ana the inner and outer connection metal pieces 
?are "respectively brought into contact "with the insulator 
and the- protective cover. " 



2. An apparatus as claimed in claim 1, wherein 
each f of the 1 outer arid inner connection" metal piece and 
the feeding metal piece is made of a conductive metal in, 
tne form or a lea^f spring. 

• • , . - ^i-' •. • r-. j - : :;;\' r ji! • no .• .; 7fl • •:}.<.- 

J; An apparatus as claimed in claim 2, wherein- the 
antenna element 5 includes a' second contact metal fixture 
which is mounted on 'tihe "inner end 'of the' straight element 
and -electrically' connected* to "the 'straight element, and 
with which^the^outer "connection metal piece "is brought 
into contact i 1 "- "° <;<( ° - ,« 

, r ,.. >.,.:i' ,i! i- cm ;j v r, '" "- 1 *. a '°'' ,! ~ u.» f'iiwi-i 

4. An apparatus as claimed in claim 3, wherein the 
-^ixst arid 'second?' c'brftact short - 

circuit* mte€al ¥iktur^ ttdig'\^ sara diamete'r? which" is 
.larger' ehari-Vhe tframeter bf tnV ' straight element 



5. Ah* -apparatus' 'as' claimed in ' claim" 1, wherein the 
feeding metafl pie'ce is" placed at "a" middle" position ' ' 
between^ the out'er and inner connect idn metal pieces . 

c6 ' A" 1 apparatus as claimed 'in claim 1,' wherein 



when the antenna element is pulled out from the casing, 
power is supplied from the radio circuit to , the straight 
element through the feeding metal piecfej the "short- 
circuit metal fixture, the inner , connection metal 
fixture, the impedance matching circuit, and the outer* 
connection metal fixture. 

" T". ' An 'apparatus as claimed in claim 1, wherein 

; >V .• / '-' f , :w ' " ; . ; 

when the antenna element is retracted into the casing, 
power is supplied from the radio circuit to the helical \ 
.coil-t-hrough tiie feeding metal piece and the first ™ 
contact metal piece. * v, w K ■ *\i * 

i 

— - 8: -An apparatus as' claimed Tn~claim7~l u ' \ 
substantially as described T b.er^in wit* 1 r P?P reprice to F4.gs?. 
1A and IB of the accompanying v dr^wings . ^ " 
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